



















Study of Computer Programming Education




Computer programming education has been widely practiced in many vo-
cational programs in secondary and higher education to train engineers in in-
formation technology. Further, many appeals to society for the importance of
programming have been made by famous people in IT fields, and some compa-
nies have started to provide people with online learning environments. Com-
puter programming education is not limited to vocational programs; rather, it
is relevant to general education. In the new Course of Study for junior high
schools in Japan, computer programming has been compulsory in the subjects
of Technology and Home Economics while it was optional before.
In computer programming education, a vast amount of research has been
conducted, and various improvements have been proposed. However, we do not
have standard guidelines for teaching, and further research and improvements
are needed. This thesis focuses on computer programming education, especially
on the improvement of the process of exercises.
Both exercise-style classes and lecture-style classes, i.e., classes that focus
on knowledge transmission, share the goal of achieving the learning task within
the class period. However, in exercise-style classes, learners must accomplish
the work by themselves. They learn actively from the work, and therefore,
the usability and understandability of the learning material has a more direct
effect on the learners’ performance. For example, learning how to write code
and the grammar of a programming language through editing and executing
sample codes is a typical practice in the early stages of learning. However,
learners often encounter different grammatical errors and runtime errors, and
they feel difficulty in fixing them. That is, the learning process is interfered
not by the difficulty of the learning objectives themselves but by the skills
vneeded to accomplish the task. It is also observed that the learners acquire a
poor understanding of the learning objectives while they accomplish the tasks.
Hence, understanding the support needed for the accomplishment of learning
tasks is an important matter.
The author focused on the importance of the learning process of mimicking
sample programs and executing them, called “Shakyo-style learning”, and exam-
ined the learning materials for the process exercises in computer programming
in order to make them more efficient and effective.
As a first step, the author investigated a programmer training course for
novices in a small company that has an interesting training method. Difficulties
that were faced by novices, such as the missteps in the process of Shakyo-
style learning, were extracted. Next, they were classified into the following
three categories according to cognitive load theory, and the learning strategies
corresponding to these categories were proposed:
(1) Cases where a learner cannot process the work by himself because of the
extraneous or ineffective cognitive load;
(2) Cases where a learner cannot understand the work because of the cognitive
difficulty of specific examples;
(3) Cases where a learner cannot understand the work because of the cognitive
difficulty of learning task.
Then, the author developed learning materials taking into consideration the
above findings. First, the author tried to reduce problems in category (1), and
as the result, a great decrease in missteps according to the procedure with the
work was observed. In addition to a decrease in missteps, the understanding of
the learning task itself was also substantially improved, especially in processing
the repetition in computer programming, which is a typical difficult point for
novices. This result suggests the importance and effectiveness of Shakyo-style
learning.
The second intervention that was tried involved improving the problems in
category (2). The author developed learning materials using a microcomputer
board focusing on “visual manifestation”. This procedure was used in the un-
dergraduate program of a university for evaluation. As a result, it was found
vi
that the learning material enhanced learning effectiveness.
In addition to the early learning stages of computer programming in which
the learners acquire the basic grammatical pattern of the programming lan-
guage, the author also examined the exercise for the purpose of cultivating the
computer programming ability needed to construct a whole computer program
according to the learners’ needs.
The author focused on PBL(Project-Based Learning), which is often used
in higher education as a teaching method at this stage. In this paper, a PBL
class using computer programing for problem solving in a high school is ex-
amined as a case study. In this class, students faced difficulty in constructing
computer programs that they needed for their projects. The author developed
a curriculum and learning materials for the students to learn the whole pro-
cess of problem solving by mimicking the example case. In the course, they
practiced using the developed material, and all the students successfully cre-
ated programs to meet their project needs after mimicking the example cases.
Therefore, the students were able to achieve positive results for the exercise
process and cultivate practical abilities in computer programming.
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3(1) intrinsic cognitive load
(2) extraneous or ineffective cognitive load
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ISEC-SET (Information Science Education Curriculum based on
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